Harrington [1] proposed a circular array of reactive loaded parasitic elements surrounding a half-wave dipole antenna. The radiation characteristics are electronically controlled by changing the values of the reactances. Recently this approach to adaptive beam forming applied to a monopole array on a finite ground plane has been of significant interest [24]. While some attempts have been made to optimize the structures for maximum gain, often the input impedance of the antenna is not considered. Given that some applications of smart antennas relate to target tracking and null positioning [5] , the effect of changing parasitic element reactance on both gain and antenna impedance needs to be assessed simultaneously if the signal direction is to be determined from maximum signal input.
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Formulation
In an array of N+1 elements with one active antenna and N parasitic elements without loading, the currents in each element I can be calculated by inverting the equation:
where V is the lxN voltage vector with one non-zero element, I is the lxNcurrent vector and Z is the NxN mutual impedance matrix [5] .
If N = 2 and the two elements have the same length and radius, and the parasitic element is loaded with impedance Z1, then Z becomes [=Zl2 Z12+ l (2) where Z1I is the self impedance of the element (depends on element length and radius), and Z12 is the mutual impedance between the 0-7803-8883-6/05/$20.00 @2005 IEEE elements (depends on element spacing). These elements of Z can be calculated using the Baker-LaGrone algorithm [6] .
The input impedance Zi, of the antenna is calculated from
where V is the applied voltage and I, is the current in the driven element calculated from (1). Equation (2) can be generalized if the array has additional parasitic elements symmetrically located around the central feed element. These equations have been solved to investigate the change in input impedance as a function of parasitic reactive load for a variety of published antennas.
Results -Two element array
A variety of reactance ranges have been suggested in the literature. The variation of parasitic load reactance required for optimum antenna gain was quoted from -401 ohms to +180 ohms for a seven element circular dipole array with a iV4 element spacing and element diameter of /I 00 [1] . In [3] the reactance values were constrained to the range -300 ohms to 300 ohms for a monopole array with the same dimensions. Numerical investigated focused on these ranges. Figure 1 shows the change in antenna impedance Zjn plotted as a function of load reactance for a two element dipole array with a il4 spacing between the two elements using equations 1-3. Similar variations are observed using NEC modeling. It can be seen that little effect is likely when the reactance values exceed +300 ohms. This is because the impedance values outside this range present as an open circuit to the antennas and have little effect in beam control [4] . However, very small changes in reactance values close to zero have significant effect on both the input impedance of the antenna and the overall gain of the array.
Results -Seven element array
Returning to the seven element antennas, the reactance loads suggested by Harrington [1] for ten-degree main beam angular control were modeled using equations (1) (2) (3) . The input impedance of the antenna changes by less than 5 percent.
If all loads are identical, then the variation in input impedance of the antenna varies significantly as a function of load reactance (see Figure  2) . The real part of the impedance varies from approximately 4 ohms to almost 200 ohms, and the reactive component of the input impedance varies from 50 to 230 ohms over the same range. The very low real part of the impedance occurs when the loads present close to a short circuit in the parasitic elements. If one parasitic element is assigned a much higher reactive load (either positive or negative), very little change is observed in the input impedance of the antenna. When two or more parasitic elements have a high impedance loading -approximating an open circuit, then the input impedance of the antenna approaches that for an isolated dipole.
The reactance conditions causing these major variations in input impedance place constraints on the beam forming algorithm that might be used for signal tracking or precise angle of arrival determination. In particular, during a null forming procedure, the matching of the antenna to the transmission line can be significantly affected with the net result of a significant reduction in the desired signal as well as the interference source. Even minor variations in received signal strength will occur as a result of changing antenna input impedance rather than imperfect beam alignment. The problem can only be avoided if symmetrical reactance loads are always used as the antenna beam is controlled and the antenna has been matched appropriately.
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Antenna impedance of seven element dipole controlled reactance array as a function of load reactance with all loadings identical (real part is continuous line, imaginary part is broken line).
